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General Introduction 
The inadequacy of land-based systems of food 
production in catering to the nutritional demands of 
the increasing population has led to the emergence of 
aquaculture as a promising industry of food production. 
In India/ the presence of vast and varied 
aquacultural resources in the form of ponds, tanks, 
oxbow lakes, long stretches of rivers, vast rice 
fields, lagoons and sheltered bays in fresh, brackish, 
coastal and marine regimes, and a range of cultivable 
finfish and shellfish species, offer an immense 
potential for aquaculture development. These resources, 
if scientifically exploited, could form a major source 
of food production in the form of quality protein. 
Rearing a large number of fishes under 
relatively confined and controlled conditions, to 
achieve higher production per unit area, necessitates 
a detailed knowledge of their nutrition. A fish farmer 
aims at converting the raw feedstuffs into fish as 
quickly and efficiently as possible. It is, therefore, 
important to pay attention to the quality of 
feedstuffs to ensure that these furnish the specific 
nutrient and energy to species under cultivation. In 
any organised aquaculture operation, feed constitutes 
about 70% of the operational cost, making it the most 
sensitive parameter that may determine the economics 
of the system. In recent years, therefore, thrust has 
been given in aquaculture to nutritional and feed 
development studies. 
Since fish rely mainly on allochthonous foods 
under intensive fish culture conditions, the fish 
culturist must plan the diets with great caution, 
ensuring presence of all dietary ingredients in 
balanced proportions, at the least possible cost, in 
order to maximize growth while minimising other 
components of energy budget of the fish (Weatherly and 
Gill, 1987). 
In practical fish diets, protein component 
generally ranges between 20-60%, and until recently, 
fishmeal, owing to its amino acid profile, was used 
as the principal source of dietary protein. Due to 
greater demands of fishmeal, coupled with steep 
increase in its cost, it has become imperative either 
to replace fishmeal in practical diets or reduce its 
inclusion to the minimum. As a result, nutritionists 
have started looking for alternate sources of protein 
which could serve the above purpose. A large variety 
of IccaLly available economical feedstuffs have been scanned 
for their nutritional profiles. These feedstuffs, mostly 
of plant origin, have revealed a fairly good nutrient 
composition (Jafri et al., 1992). 
• 
Many other workers have also attempted to 
replace fishmeal with proteins of plant origin. 
Soybean (Glycine max), due to its high protein content, 
impressive amino acid profile, reasonable cost and 
abundant supply, has more often been used as a 
substitute for fishmeal (Cho et al., 1974, 1976; Tiews 
et al., 1976 and Gropp et ai./ 1979). 
High soybean meal based fish diets, 
supplemented with essential amino acids, produced good 
growth in several fish species (Rumsay and Ketola, 
1975; and Murai et ^ . , 1982, 1986, 1989). Viola £t al. 
(1982) recommended a replacement of 50% fishmeal by 
soybean meal in carp diet, maintaining that, at this 
level of replacement, deficiency of amino acids was 
barely noticeable. 
With more expansion of return based intensive 
aquaculture, the need for availability of less 
expensive feedstuffs that could be used for feeding 
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fish becomes all the more important. Plant origin feed-
stuffs, owing to their abundant and easy availability/ 
cost-effectiveness and overall nutritive richness, have 
emerged as major source of nutrients in compounded 
diets for most fish species (Tripathi, 1992). Agricul-
tural byproducts like oilseed cakes, brans, husks, and 
grain polish, etc., find use in feeding a number of 
cultivable finfish species. 
Hendricks and Bailey (1989) reported the 
presence of certain naturally occurring antimetabolites 
in the plant origin feedstuffs that may cause a variety 
of adverse effects on fish growth and health, ranging 
from merely a reduction in growth rate to severe 
toxicity, leading to mortality. Such antimetabolites 
that are genetically determined and inherently present 
in the feedstuffs, particularly those of plant origin, 
are broadly referred to as adventitious toxins. Some 
commonly used plant origin feedstuffs were, therefore, 
selected to study the antimetabolites present in them. 
A range of antinutritional factors has been 
reported in a variety of plant origin feedstuffs. These 
include proteases (trypsin inhibitors, urease, etc.), 
hem.^ -^  "'iucinins/lectins, phytic acid, glucosinolates, 
gossypol, cyclopropane fatty acids (CPFA), amylase 
inhibitor/ erucic acid/ alkaloids and phytoestrogens. 
Almost all these substances have been studied for their 
molecular structure/ molecular weights/ quantity, and 
effects produced in fish when used in feeds. Such 
studies were mainly confined to salmonids and 
ictalurids while information on carps and other fishes 
remained almost lacking. 
Dabrowski and Kozak (1979) observed that higher 
soybean meal content in diet resulted in depressed 
growth in grass carp fry. Andrews and Page (1974) noted 
that replacement of fish meal with soybean meal/ on 
an isonitrogenous basis/ significantly reduced growth 
and feed efficiency in channel catfish. The factor 
suspected for such effects in soybean was identified 
as trypsin inhibitor. It has been shown to depress 
growth rate in rainbow trout/ channel catfish, carp 
and other species of fish, and to produce pancreatic 
hypertrophy in chicks and rats as an apparent 
compensatory response to an increased need for tryptic 
enzyme (Sandholm et aj^. / 1976). It has now been 
established that soybean, besides showing deficiency 
of some essential amino acids/ also interferes with 
digestion and assimilation of protein in fish body 
(Halver/ 1989). 
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Hemagglutinins, the proteins which can bind 
to free sugar residues existing in polysaccharides, 
glycoproteins or glycolipids, in free or bound form, 
occur in a number of edible plants, most notably in 
legumes, including soybean (Jaffe, 1980) and due to 
their binding capacity, exhibit marked agglutinating 
properties. 
Phytic acid (hexaphosphate of myoinositol) 
occurs as a constituent of all cereal products and 
oilseed meals, such as soybean, cottonseed and 
rapeseed. phytates have a capacity to tightly bind 
to divalent cations like calcium, magnesium and zinc, 
etc., reducing their availability to the organism 
(O'Dell, et al., 1972; De Boland .et_ aj.., 1975; Erdman, 
1979; Graf, 1986; Morris, 1986; Noian et al. , 1987). 
Richardson ec a£. (1985), while studying the 
effects of different levels of calcium, zinc and phytic 
acid, discovered that higher levels of dietary phytic 
acid depressed growth, food and protein conversion, 
impaired thyroid function, promoted cataract formation 
(due to reduction of zinc content), induced abnormal 
pyloric caecal structure, and resulted in increased 
mortality in chinook salmon. Spinelli et al. (1983) 
attributed reduced growth in rainbow trout fed diets 
with high phytic acid to the reduction in the 
availability of protein rather than zinc, iron and 
copper, etc. These studies mostly utilized the phytic 
acid added to purified diets. Studies on the effects 
of phytic acid, contained in feedstuffs, on fish growth 
and other variables are warranted (Halver, 1989). 
Glucosinolates (thioglucosides)/ found naturally 
in all crucifer plants, including horticultural 
varieties such as cabbage, broccoli, oilseed crops, 
condiment, etc., on hydrolysis are the source of anti-
thyroid substances such as 5-vinyloxazolidinithione 
or goitrin, organic nitrites, isothiocyanates and 
thiocyanate ion (Van Etten, 1969; Tookey et al., 1980; 
and Van Etten and Tookey, 1983). All these substances, 
besides impairing thyroid functions, may also cause 
other deleterious effects in fish. Yurkowski et al. 
(1978) noted that glucosinolates from rapeseed 
ingredients caused thyroid hyperplasia and reduced 
plasma thyroxin (T.) levels in rainbow trouts, the 
untreated rapeseed flour containing diets produced the 
greatest degree of thyroid hyperplasia and poorest 
growth. Higgs et al^ . (1979) observed adequate growth 
in coho salmon fed diets containing up to 22% tower 
rapeseed meal but compensatory elevated thyroid activity 
was also seen. Hardy and Sullivan (1983) found that 
up to 20% canola meal in rainbow trout diets did not 
affect growth but affected thyroid hyperplasia and 
thyroxin levels in fish, which were compensated by 
increased thyroid activity. 
Gossypol/ a yellow phenolic pigment/ occurs 
naturally in the pigment glands of cottonseed. Herman 
(1970)/ testing the effects of gossypol from several 
sources in the rainbow trout/ observed growth 
suppression in fish fed diets containing 290 ppm or 
more of free gossypol/ and severe reductions in 
hematocrit/ haemoglobin and plasma proteins at 531 ppm 
of free gossypol/ and concluded that a level of 300 
ppm of gossypol was maximal to minimize growth 
suppression but since histological changes occurred 
at 95 ppm/ a maximum of 100 ppm or less was considered 
desirable for this fish. 
Dorsa £t^  £l. (1982) fed various levels of 
cottonseed meal to channel catfish and observed growth 
depression at levels of cottonseed inclusion greater 
than 17%. Robinson and Rawles (1983) tested the 
desirability of glandless cottonseed flour and meal 
for catfish diets and found that glandless cottonseed 
meal could replace soybean meal completely (up to 50% 
of the diet), without reducing fish growth. 
Tilapia aurea is reported to tolerate gossypol levels 
up to 0.18% without reduction in growth (Halver, 1989). 
Effects of gossypol in other fish species are unknown. 
Though it is tolerated at variable levels in salmonids, 
channel catfish and tilapia, che excessive levels can 
lead to depressed growth, tissue accumulation and histo-
pathological changes (Halver, 1989). 
Urease, an enzyme present in raw soybean, 
hydrolyses urea to produce ammonia and carbon dioxide, 
causing toxicity in the animal fed on this feedstuff 
(Raj and Ali, 1982). 
The present study was designed to quantify some 
of the above mentioned antinutritional substances in 
selected plant origin feedstuffs, and to assess the 
effect of phytic acid, a potent toxin on the growth 
and conversion efficiencies of Indian major carp, Labeo 
rohita,fingerling. 
General Methodology 
Procurement and storage of test material 
Selected feedstuffs were procured from the 
local market. These included soybean seed, mustard oil 
cake, wheat bran and cottonseed. The feedstuffs were 
stored in a dry place in sealed polythene bags. 
Proximate analyses 
Proximate composition of the feedstuffs was 
assessed using the standard AOAC techniques (1984). 
Feedstuffs were finely grinded in an electrical grinder 
(Hotline, India) to obtain a homogeneous sample. The 
required amount of the sample was weighed on a top 
pan electronic balance (Precisa 120). 
Estimation of moisture 
2-5 g of finely ground sample was taken in a 
dry and preweighed silica crucible (Vitreosil) and 
placed in a hot air oven (100°C) for 24 h. The crucible was 
then cooled to room temperature in a dessicator, 
reweighed and the moisture content calculated by 
difference in weight, and expressed as percentage. 
Estimation of ash 
A known quantity of moisture-free sample was 
taken in a clean dry preweighed silica crucible and 
placed in a muffle furnace (eOCC) for 24 h. The 
incinerated sample was allowed to cool in a dessicator/ 
reweighed and the ash content calculated by difference, 
and expressed as percentage. 
Bstimation of crude protein 
The technique employed for estimating the crude 
protein in the feedstuffs was based on a slight modifi-
cation of Wong's micro-Kjeldahl method (Jafri et al., 
1964). A weighed quantity of moisture-free, finely 
ground sample was digested to a waterclear solution 
with 5 ml of nitrogen-free sulphuric acid (1:1) in 
presence of potassium persulphate (saturated) used as 
oxidising agent. The digested solution was then diluted 
to 50 ml with double distilled water. 0.5 ml of the 
aliquot from the digest was taken in a clean glass test 
tube, and 0.1 ml of sulphuric acid (1:1) and saturated 
potassium persulphate added to it. The volume of the 
solution was raised to 3 ml with double distilled 
water. 7 ml of Bock and Benedict's Nessler reagent 
(Osec, 1965) was added to it and the content mixed well 
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with shaking. The tubes were allowed to stand for 10 
min for complete colour development. The absorbance 
was measured on Milton-Roy splitbeam spectronic 1001 
spectrophotometer at 480 nm, after adjusting the 
instrument with a reagent blank. The nitrogen content 
was calculated from a standard calibration curve 
prepared with graded concentrations of ammonium 
sulphate solution of a known concentration (Fig. 1 ). 
The nitrogen content was multiplied with the convention-
al protein factor (N x 6.25) to obtain the crude 
protein content in the sample. 
Estimation of crude fat 
Crude fat was estimated by continuous soxhlet 
extraction technique using petroleum ether (40-50''C) 
as solvent. A weighed quantity of finely ground dry 
sample was taken in Whatman fat extraction thimble/ 
plugged with cotton and introduced into the soxhlet. 
The extraction was continued for 10-12 h. The 
preweighed receiving flask containing the extracted 
fat was placed in hot air oven (60°C) to evaporate the 
solvent traces, . and reweighed to calculate the amount 
of crude fat, expressed as percentage on dry weight 
basis. 
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Estimation of crude fibre 
2-3 g of dry-/ powdered fat-free sample was 
taken in a spoutless conical flask fitted to a reflux 
condenser. Boiling distilled water was added to it, 
followed by the addition of 25 ml sulphuric acid (1.25% 
w/v), and the content mixed well. The raised volume 
(200 ml) of the content was boiled for 30 min. The 
solution was removed from heating, the residue 
collected over a muslin cloth and washed at least three 
times with boiling water. The residue was again 
transferred to a beaker, mixed with sodium hydroxide 
(1.25% w/v) and the volume raised to 200 ml with 
boiling water. The content was boiled for 30 min. The 
boiled mixture was filtered and the residue washed with 
boiling sulphuric acid, followed by three washings with 
boiling water. The residue was washed with methanol 
for removal of traces of water, transferred to a silica 
crucible and dried (100°C) to a constant weight. It 
was then . ignited for 2-3 h in a muffle furnace (600°C). 
The crucible containing the ignited sample was then 
cooled in a dessicator and reweighed. The loss in 
weight of the residue after ignition was expressed in 
percentage as the amount of fibre on dry weight basis. 
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Estimation of gross energy 
Gross energy was determined by direct 
calorimetry. A known quantity (2 g) of finely ground, 
dried sample was taken in a clean metallic crucible 
and compressed, combustion of the sample was carried 
out on a ballistic bomb calorimeter (Gallenkamp and 
Loughborough Co. Ltd./ Loughborough/ England). Before 
carrying out the energy estimation, the calorimeter 
was calibrated by establishing the relationship between 
the galvanometer deflection and the amount of heat 
released on combustion of a measured quantity of thermo-
chemical grade benzoic acid (6.32 kcal g~ ). The energy 
value was expressed as cal g~ . 
Estimation of free gossypol 
Gossypol was analysed according to the method 
given by Raj and Ali (1982). 
Finely ground sample of cottonseed meal (1 g) 
was taken in a 250 ml glass stoppered bottle and shaken 
for an hour in 50 ml of aqueous acetone solution. The 
suspension was then filtered, discarding the first few 
ml of the filtrate, and the filtrate retained. In two 
sets of test tubes, 2 to 10 ml of aliquot (depending 
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on expected gossypol content) were pipetted out from 
the above filtrate. The aliquot of one set was diluted 
to 25 ml with aqueous isopropyl alcohol (sol k) , while 
to the aliquot of the other set/ 2 ml of redistilled 
aniline was added (sol B) . The tubes were then kept 
in a boiling waterbath alongwith a reagent blank 
containing 2 ml of aniline and a volume of aqueous 
acetone equal to that of the aliquot taken. These were 
then cooled to room temperature and homogenised with 
few ml of aqueous isopropyl alcohol, and diluted with 
the same to 25 ml. The colour intensity of the solution 
was measured on Milton- Roy splitbeara spectronic 1001 
spectrophotometer at 400 nm. The instrument was set 
to 0 absorbance with aqueous isopropyl alcohol, and 
the absorbance of solution A was determined. The 
absorbance of solution B was read against the reagent 
blank* Corrected absorbance was calculated by subtrac-
ting the absorbance of solution A from that of solution 
B. The amount of gossypol (mg) present in sample was 
determined from a calibration curve prepared by using 
various dilutions of standard gossypol solution . (Fig.2). 
Bstimation of hemagglutinin 
The technique proposed by Liener and Hill 
(1952) was followed to estimate hemagglutinin activity 
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in soybean meal. 
Soybean meal (5 g) was shaken vigorously with 
50 ml. of NaCl (0.7%) for a minute, thereafter, the 
solution was left to stand in a refrigerator overnight. 
The solution was then filtered to obtain a yellow 
filtrate. Hematocrit value (H) was determined for fresh 
fish blood, obtained by puncturing the heart with a 
fine needle of a heparinized syringe and quickly 
drawing the blood into it. A volume of blood (Vb) was 
washed with four volumes of cold saline (0.7%), 
centrifuged and the supernatant discarded off. The 
sedimented cells were repeatedly washed with cold 
saline until the supernatant became colourless. 
Finally, the cells were suspended in a volume of cold 
saline (Vs ), calculated by the formula VbH/4. The 
sensitivity of red blood cells to agglutination was 
increased by first treating the cells with papain. Vs 
suspension gave a final red blood cell concentration 
of 4%. 
Serially diluted soybean extract was pipetted 
out in clean test tubes. 0.2 ml of papain-treated blood 
was added to each tube containing 0.5 ml of diluted 
soybean meal extract. These tubes were then incubated 
for an hour at 37°C. Agglutination was read by tapping 
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the tubes and observing the clumps of the cells. The 
tubes in which agglutination did not occur/ cells 
dispersed to form a uniform suspension. The tube 
containing 0.5 ml of saline and 0.2 ml of 
papain-treated cells served as a negative control. 
Hemagglutinating activity in soybean extract 
was calculated by using the following formula : 
_, Da X Db X S 
Hemagglutinating Unit g~ = 
where/ 
V = Volume of extract in tube (0.5)/ 
Da = Dilution factor extract in tube 1/ 
Db = Dilution factor of tube containing 1 HU 
(1 HU represents the minimum amount of 
hemagglutinin capable of producing 
agglutination). 
S = ml original extract g~ soybean meal. 
Estimation of glucosinolates 
Estimation of glucosinolates was carried out-
following the technique proposed by Raj and Ali (1982). 
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A weighed quantity of defatted mustard meal 
(10 g) was hydrolysed at 54''C in 250 ml distilled water 
for an hour and the content boiled for two hours, 
keeping the volume constant. The solution was then 
filtered and the residue obtained was discarded off 
after washing it with hot water. The washings were 
added to the initial filtrate which was diluted with 
distilled water to 600 ml. An excess volume of barium 
chloride solution (5%) was added to the above, and the 
content kept on a boiling waterbath till precipitate 
of barium sulphate was obtained. The precipitate was 
carefully collected in a silica crucible (Vitreosil) 
and burned in a muffle furnace (600°C) to pbtain the 
ash. 
Glucosinolate percent was calculated with the 
following formula : 
Mol. wt. glucosinolate x Wt. of BaSO 
Glucosinolate (%) = '• '• 
Mol. wt. of BaSO X Sample wt. 
Estimation of phytic acid 
phytic acid was estimated using the modified 
technique of McCance-Widdowson as described by Wheeler 
and Ferrel (1971). The method involved extraction and 
precipitation of phytic acid as ferric salt with 
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trichloroacetic acid (TCA)/ and subsequent colorimetric 
estimation of ferric content. Assuming a constant 
molecular ratio of 4Fe:6P in the precipitate, the 
amount of phytate phosphorus could be calculated from 
this value. 
Finely ground wheat bran (1 g) was treated with 
50 ml of TCA (3%) with constant shaking for 30 min. 
Ths- content was centrifuged at 1600-1800 rpm for 30 
min. 10 ml of the supernatant was taken in a test tube 
and 4 ml of ferric chloride solution blown rapidly into 
it. The content was heated on a waterbath for 45 min/ 
and centrifuged again for 15 min to obtain the 
precipitate sedimented at the bottom. The precipitate 
was washed with 20 ml of TCA/ heated and centrifuged, 
and the process repeated again, after which the 
precipitate was washed with distilled water. The 
precipitate was then dispersed in a few ml of distilled 
water and 3 ml of 1.5 ml sodium hydroxide solution, and 
the volume raised to 30 ml with distilled water. After 
heating the content for 30 min/ the solution was 
filtered hot through Whatman No. 2 filter paper, and 
the precipitate washed with hot water. The precipitate 
was dissolved in 40 ml of hot 3.2 N nitric acid, the 
filter paper washed with distilled water several times 
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to collect the last traces of the precipitate, and the 
volume finally raised to 100 ml with distilled water. 
Measured aliquot (5 ml) from the above solution 
was taken into a 100 ml of volumetric flask, diluted 
to 70 ml with distilled water, mixed with 20 ml of 
potassium thiocyanate solution (1.5 M) and made to 
volume. The colour developed was read against a reagent 
blank on Milton-Roy splitbeam spectronic 1001 spectro-
photometer at 480 nm. Iron content was calculated 
using a calibration curve prepared by taking various 
dilutions of standard ferric nitrate solution (Fig.3)^ 
Phytate phosphorus was calculated from the known iron 
phosphorus molecular ratio (4Fe:6P). 
Estimation of urease activity 
Urease activity was estimated in soybean 
flour using the technique as described by Raj and Ali 
(1982). 
A known amount of soybean flour (0.25 g) was 
carefully transferred to a 500 ml volumetric flask. 
To this was added 50 ml of buffered urea solution. The 
content was incubated in a thermostatically controlled 
mechanical shaker for 30 min after which 0.5 ml each 
of HCl, ferrocyanide solution (0.25 M), zinc acetate 
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solution (1.002 M) and 0.1 g of charcoal powder were 
added, Thereafter, the contents were shaken for 
15 min and filtered. 
A 10 ml aliquot of the filtrate was pipetted 
out into a clean 25 ml glass stoppered graduated 
test tube. To this was added an equal volume of DMAB 
(Dimethyl aminobenzaldehyde) solution and the content 
thoroughly mixed on a vortex shaker. The volume was 
then raised with distilled water to 25 ml. A reagent 
blank/ containing 10 ml of DMAB solution and 15 ml of 
distilled water, and a urease blank, containing 10 ml 
each of buffered urea and DMAB solution and 5 ml 
of distilled water, were also prepared. The tubes 
containing the above solutions were thoroughly shaken 
and then allowed to stand in a waterbach (25°C) for 
10 min. The colour developed was read against areagent 
blank on a Milton-Roy splitbeam spectronic 1001 spectro-
photometer at 430 nm. A calibration curve was prepared 
by using a range of concentration of standard buffered 
urea solution (4 mg/ml) from which the amount of urea 
present in urea blank and the sample was calculated 
(Fig.4). The urease activity was calculated by subtracting 
the urea concentration of the sample from that of the 
urease blank and expressed as mg lit urea. 
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Estimation of trypsin inhibitor 
Trypsin inhibitor in soybean flour was 
determined with the technique of Kunitz (1947)/ as 
modified and improved by Liu and Markakis (1989). 
500 mg of soybean flour was taken in a test tube 
with 50 ml of double distilled water and the content 
shaken at a high speed in an electrically operated 
mechanical shaker. Measured quantity of sample 
suspension (10 ml) was then destablised by adding 
an equal volume of assay buffer (50 mM tris-buffer 
containing 10 mM CacL , pH 8.2), shaken rapidly and 
filtered. The filtrate was collected and diluted with 
distilled water to 1000 ml,l (nl of which produced 30-70% 
inhibition of trypsin. 
2 ml of BAPA solution (Benzoyl arginine-p-nitro-
anilide hydrochloride) was taken in a separate test 
tube/ followed by addition of 1 ml sample solution and 
0-5 ml enzyme solution/ and the content mixed 
thoroughly. A reference tube was similarly prepared 
by substituting the sample (1 ml) with 1 ml distilled 
water. All the tubes were then placed in a waterbath 
(37°C) for 10 min to complete the reaction. Thereafter, 
0.5 ml of acetic acid (30%) was injected with a syringe 
into each tube to stop the reaction. The colour 
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developed was read on a Milton-Roy splitbeam spect ronic 
1001 spectrophotometer at 410 nm. Trypsin inh ib i to r 
was ca lcula ted and expressed in t rypsin un i t s inhibi ted 
(TUI)/mg dry sample; using the following formula : 
TUI/mg = 
(A^-A^) X 100/ml dil. soy extract 
mg sample/ml dil. soy extract 
r s 
where/ A and A were absorbance values of the 
reference and sample/ respectively. 
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C H A P T E R - 1 
QUANTIFICATION OF NATURALLY OCCURRING ANTI-NUTRITIONAL 
SUBSTANCES IN SELECTED PLANT ORIGIN FEEDSTUFFS 
INTRODDCTION 
Fish diet formulations in the early days 
comprised mainly of animal products and included fish 
meal as a chief component alongwith other animal 
byproducts such as meat-bone meal, feather meal and 
blood meal/ etc. Today, with increased knowledge of 
nutritional requirements of fish, high cost and 
inadequacy of good quality animal products, the use 
of plant products in fish feed formulations has 
greatly increased (Halver, 1989). 
A wide range of plant origin feedstuffs in 
the form of raw flour, oil cakes, husks, brans and 
polishings find use with the fish farmers for most 
of the cultivable fish species. 
Among the plant origin feedstuffs, soybean, 
due to its high protein content and amino acid 
profile, is the most widely used feedstuff which has 
replaced fishmeal. Besides soybean oilcakes, mustard, 
groundnut and cottonseed oil cakes have also found 
use in various dietary formulations. 
Indian major carps/ the prime cultivable 
fishes of the country are generally fed on diets, 
formulated onvan empirical basis, . or combinations of 
a few conventional feedstuffs such as rice bran and 
oil cakes, mainly used as a supplementary food, with 
increased knowledge on the nutritional requirements 
of these fishes, there is an increasing emphasis on 
the development of low-cost balanced artificial 
ration for these fishes. As a result, a variety of 
agro-based byproducts have been scanned for their 
nutritive richness and a number of these found nutri-
tionally adequate for inclusion in fish diet. There 
are, however, reports of retarded growth, poor health 
and deficiency syndromes, histopathological 
conditions such as tumours, carcinogenesis, nephrosis 
and cataracts, and even mortality in fish, fed on 
certain plant feedstuffs. This generated considerable 
interest among the nutritionists to identify the anti-
nutritional substances in plant origin feedstuffs 
used in fish feeds. Halver (1989) included these 
substances under a broad term 'Adventitious toxinsl 
Studies on the effects of such substances remained 
confined mainly to salmonids and ictalurids. Hendricks 
and Bailey (1989) described the effects of several 
antimetabolites in fishes such as rainbow trout. 
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channel catfish/ common carp, salmons and other 
fishes^and discussed the chemistry of these substances 
in detail. However/ no detailed study of this nature 
has been made on Indian culturable fish species, and 
there is a need to obtain information on the growth 
and health parameters of Indian major carps and other 
culturable fish species fed on plant origin feedstuffs 
that may produce adverse effects due to the presence 
of antimetabolites. 
This chapter aims at quantifying the anti-
nutritional substances in some selected plant origin 
feedstuffs commonly used in formulated fish feeds. 
These included trypsin inhibitors and urease in 
soybean (raw), hemagglutinins in soybean oil cake, 
gossypol in cottonseed oil cake/ thioglucoside in 
mustard oil cake and phytic acid in wheat bran. The 
feedstuffs were also analysed for their proximate 
composition. To enhance the nutritional profile of 
the feedstuffs by suppressing or eliminating these 
antimetabolites/ either partially or completely/ 
quantification in terms of weight or activity/ of 
these toxins is considered a prerequisite. 
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Materials and Methods 
Methods of proximate analysis and estimation 
of antinutritional substances have been given under 
'General Methodology'. 
Results and Discussion 
Five different feedstuffs, namely/ soybean 
flour (raw)/ soybean oil cake, mustard oil cake, 
cottonseed oil cake and wheat bran were tested for 
their proximate composition (Table 1). These 
feedstuffs were also assessed for their gross energy 
density (Table 2). 
Mechanically extracted soybean (Glycine max) 
was found to contain the maximum (43%) crude protein. 
Soybean flour (raw) contained 39% crude protein. The 
minimum value for the same was noted in wheat bran 
(Triticum aestivum) while in other feedstuffs the 
crude protein content ranged between 11-39%. 
Crude fat in the various feedstuffs ranged 
between 5-21%/, the maximum being in soybean (raw) and 
the minimum in soybean oil cake and wheat bran. 
Moisture content in the feedstuffs analysed 
varied between 7-11%. The highest moisture was 
contained in wheat bran and the lowest in soybean 
flour and mustard oil cake (Brassica nigra). 
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The total ash content was maximum (13.08%) 
in mustard oil cake and minimum (5.4%) in wheat bran, 
while for other feedstuffs the values for the ash 
content ranged between 6-8%. 
Cottonseed oil cake (Gossypium sativum) was 
estimated to contain the highest amount of crude 
fibre (28.10%) while soybean flour and oil cake 
contained the lowest (5.75 and 5.78% respectively) 
fibre content. In the remaining feedstuffS/ crude 
fibre content varied between 8-11%. 
The gross energy values in the feedstuffs 
ranged between 4490-5489 cal/g~ . Raw soybean was 
found to contain the maximum gross energy followed 
by mustard oil cake. Compared to raw soybean flour/ 
mechanically extracted soybean oil cake was inferior 
in its gross energy content. The gross energy content 
in other feedstuffs ranged between 4534-4916 cal/g~l. 
The data on proximate composition and energy 
density of feedstuffs obtained during the present 
study was found comparable to the values reported 
earlier for such feedstuffs (NAS-NRCf 1983; Anonymous, 
1991). 
The antinutritional substances quantified 
in the feedstuffs have been shown in Table 3. Wheat 
Pig. 1. Standard calibration curve of nitrogen. 
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bran contained phytic acid in the range of 46-50 
mg/g~ . Camire and Clydesdale (1982) analysed phytic 
acid in two varieties of wheat bran, hard red and 
soft white, and reported that the former contained 
higher (53.71 mg/g" ) and the latter lower (46.62 
mg/g~ ) values of phytic acid while Lehrfeld 
(1989) reported 5% phytate in the bran fraction of 
wheat. 
Urease activity in raw soybean flour analysed 
during the present study ranged between 1060-1130 
mg/l~ urea. Raw soybean flour also showed the 
trypsin inhibitor activity as high as 168.63 TUI/mg 
dry sample. Soybean meal showed hemagglutinating 
activity of 1280 units g / dry sample. Liu and Mar-
kakis(l989) reported comparable trypsin inhibitor 
activity (171.0 TUI mg ) in raw soybean seeds. 
Although no information is available on the hemaggluti-
nating activity in fish blood, the activity measured 
in rabbit blood is reported to be 1280 HU/g' . (Liener 
and Hill, 1952). 
Mustard oil cake contained glucosinolates in 
the range of 3-5%. Reported values for this 
substance in rapeseed meals ranged between 3.0-8.0% 
(Van Etten and Tookey, 1983; Langer, 1983). 
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Gossypol quantified in cottonseed meal ranged 
between 2.0-2.7%. Pigment gland of cottonseed 
varieties grown in United States of America comprise 
about 2.4 to 4.8% of the seed with gossypol content 
ranging between 39 and 50% of the weight of gland 
(Berardi and Goldblatt, 1980). As reported by Jauncey 
and Ross (1982) this pigment is contained in 
cottonseeds within the range of 0.03 to 0.2%. 
Summary 
Gross nutrient analysis of selected plant 
origin feedstuffs, points to their nutritive 
richness, in terms of nutrients and energy density, 
soybean was found to be the richest protein source 
(39-43% CP) followed by mustard oil cake, cottonseed 
oil cake and wheat bran. Raw soybean flour contained 
higher energy density (5488.77 cal g~ ) than soybean 
oil cake (4490.1 cal g~ ), while wheat bran, 
cottonseed oil cake and soybean oil cake contained 
comparable calories. Lowest energy density (approx. 
4511.99) was estimated in wheat bran and 
soybean oil cake. These feedstuffs were found to 
inherently contain a range of potent toxins. High 
activity of trypsin inhibitor (158.63 TUI g""*") and 
hemagglutinins (1280 HU g~ )/ and urease activity 
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(1096 mg L~] were presa-it in soybean. Cottonseed and 
mustard oil cake contained gossypol and thioglucosides 
to the extent of 2.31 and 3.72%, respectively. A high 
percentage of phytate (4.84) was seen in wheat bran. 
The study indicates that these feedstuffs can be used 
as cheap sources of nutrient and energy in practical 
fish rations, after partial or complete removal of 
the antinutritional substances present in them. 
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Table 2- Gross energy content of Feedstuffs 
1. 
2. 
3. 
4. 
5. 
6. 
Feedstuffs 
Mustard oil cake 
(Brassica compestris) 
Mustard oil cake 
(Brassica nigra) 
Soybean oil cake 
(Glycine max) 
Soy flour(raw) 
(Glycine max) 
Cottonseed'oil cake 
(Gossypium sativum) 
Wheat bran 
(Triticum aestivum) 
Gross Energy (Cal/g) 
4916.08±29.89 
(4849.50-5012.96) 
4817.36±30.69 
(4748.81-4916.81) 
4490.1 ±12.66 . 
(4533.87-4473.65) 
5488.77±23.14 
(5461.13-5568.96) 
4591.54132.50 
(4522.56-4635.01) 
4533.88125.78 
(4479.25-4588.5) 
± SEM of 4 samples. 
Values in parentheses indicate the range. 
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C H A P T E R - 2 
EFFECTS OF PHYTIC ACID ON THE GROWTH AND CONVERSION 
EFFICIENCIES OF FINGERLING INDIAN MAJOR CARP, LABEO 
ROHITA (HAM.) 
INTRODUCTION 
Artificial feeding is one of the principal 
methods of increasing production in fish culture. In 
traditional cyprinid cultivation/ generally supplementary 
feeding is considered useful/ although these fishes 
can be raised exclusively with complete artificial 
rations formulated on the basis of their nutritional 
requirements. The principal categories of feedstuffs 
for such diets mostly include foods of plant origin 
such as pulses (soya) and grains (maize/ cereals, 
either whole or ground or in the form of meal or 
bran)/ leaves of terrestrial and water plants/ as well 
as several other foods such as yeast. Cereals provide 
excellent food for cyprinids and fish of other families 
producing advantageous conversion rates (Huet/ 1986). 
Although cereals contribute significantly to carbohyd-
rate ' content of the diet/ their contribution as 
protein source is of lesser extent
Indian major carpS/ including Labeo rohita^ 
are generally fed on diets formulated on empirical 
basis, based on mixtures of conventional feedstuffs 
such as rice and wheat bran and varieties of oilcakes 
(Jhingran, 1983; Jhingran and Pullin, 1988). As 
discussed earlier, a major disadvantage in using plant 
origin feedstuffs as a component of fish feed is the 
presence of antinutritional factors contained in 
several of the feedstuffs which can have a deleterious 
effect on the morphology and physiology of the 
digestive tract (Grant, 1989; Van den Ingh et al_., 
1991), affecting the overall fish growth (Hendricks 
and Bailey, 1989). Ingestion of antimetabolites by 
the fish has been reported to decrease food efficiency, 
inducing pancreatic hypertrophy, hypoglycemia, liver 
damage and other pathological conditions, leading to 
an overall inhibition of growth (De Silva and Anderson, 
1995). 
Phytic acid (Fig. 1)/ Myo-inositol 1,2,3,4,5,6-
hexakis (dihydrogen phosphate)^ is a constituent of all 
cereal products and oilseed meals commonly used as 
source of nutrients and energy in feeds of various 
fish "species (Jones, 1979; and Richardson et al., 
1985). Typically, about 60 to 90% of all phosphorus in 
plant seeds is present as phytic phosphorus. Earle 
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and Milner (1938) observed that 75% of phosphorus 
contained in soybean is phytic acid. Good correlation 
between total phosphorus and phytic acid were observed 
for mature dry beans (Phaseolus vulgaris) and several 
varieties of barley, oats and wheat (Lolas et al., 
1976). Phytic acid constitutes about 1-2% by weight 
of many cereals and oilseeds/ although amounts as high 
as 3-6% have also been reported in some varieties 
( Caeryan , 1980 ). Grains contain phytic acid as 
mixed calcium-magnesium salt/ phytin (Lolas and 
Markakis/ 1975). 
Costello et^ ^ . (1976) suggested that at pH 
value normally encountered in foods, phytic acid, 
being strongly negatively charged, has a tremendous 
potential for complexing with positively charged 
molecules (cations_ or proteins). Due to its 
multiplicity of reactive phosphate groups, it can 
complex a cation within a phosphate group itself, 
between two phosphate groups of a molecule or between 
phosphate groups of different phytic acid molecules 
and hence this substance has also been categorized 
as a chelating compound (Kartell and Calvin, 1952). 
Excessive amounts of phytic acid in the diet 
can have a negative effect on mineral balance because 
it forms insoluble complexes witn._ divalent cations 
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of copper, zinc, iron and calcium at physiological pH 
values (Graf, 1986, Nolan et aJ^ ., 1987)/ and 
consequently reduces the bioavailability of these 
minerals (Morris, 1986). Much of the total phosphorus 
in cereals bound to phytic acid remains unavailable 
to the fish since they lack the digestive enzyme 
phytase which hydrolyses phytic acid to its moities 
(Jhingran and Pullin, 1988). Based on these 
information, several workers have attempted to study the 
effects of phytic acid on the growth and health 
status of fish and found that it markedly reduced the 
biological availability of several important minerals 
such as calcium, magnesium, iron, phosphorus and zinc 
to the fish, thereby affecting the health and growth 
of the fish adversely (Roberts and Yudkin, 1960; O'Dell 
et al., 1972; Erdman and Forbes, 1977; Spinelli et^  al., 
1983; Richardson et_ £1^., 1985; Leif Hallberg et al., 
1987; Gatlin and Phillips, 1989; and Satoh £^ £1.., 1989). 
The above workers mostly utilized phytic acid 
added to purified diets. Investigations on the effects 
of phytic acid, as contained in native feedstuffs, on 
growth and other variables are warranted (Halver, 
1989), and no such study appears to have been made on 
the Indian major carps. The present chapter deals with 
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the effects of phytic acid/ using wheat bran as a 
native source/ on the growth and conversion 
efficiencies of Labeo rohita fingerling. 
Materials and Methods 
Source of fish stock and acclimation 
Labeo rohita fingerling (3.5-4.5 cm)/ 
obtained from District Fisheries Department/ were 
given a prophylactic dip in KMno, solution (1:3000)/ 
and stocked in 70-1 polyvinyl circular troughs 
containing groundwater. The fish were initially fed 
on a mixture of mustard oil cake and wheat bran 
(1:1) but gradually acclimated to casein-gelatin based 
purified diet (Halver, 1989). The period of acclima-
tion lasted for 15 days. 
Preparation of experimental diets 
Casein - gelatin based semipurified test 
dietS/ containing varying levels of wheat bran as 
the source of test material (phytic acid) were 
formulated for the growth trial. The ingredient 
composition of the diets have been given in 
Table 1 . Calculated quantities of the dietary 
ingredients were weighed on a top pan balance 
(Precisa 120). A measured amount of water was heated 
(80°C) in a stainless steel bowl of Hobart electric 
mixer. Gelatin was dissolved into it with slow 
stirring and heating. The bowl was then removed from 
heating, dextrin and mineral mix added to it, and 
the content blended while still in lukewarm state. 
Vitamin and oil (2:1, corn and cod liver oil) were 
then added to the mix, followed by the addition of 
finely ground wheat bran, and the content mixed 
homogeneously. The diet, in the form of dough 
(50-58% moist), was transferred and spread onto a 
clean glass dish, and kept for about 10 h in a 
refrigerator. Thereafter, small cubes were cut from 
it and these were stored (-20''C) in sealed plastic 
boxes until used. The composition of the mineral 
and vitamin premix used are given in Table 2-3 respec-
tively. 
General experimental design/feeding trial 
Desired number of fingerlings were sorted 
out from the acclimated lot and these were stocked 
in 70-1 circular polyvinyl troughs, at the rate 
of 20 fish per trough, in triplicate groups. The 
troughs were fitted with a continuous flow-through 
system, with water volume being maintained at 55-1 
at an exchange rate of 1-1,5 1/min. The fish were 
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fed the experimental diets in the form of moist 
cake, at the total rate of 4% of their body weight/ 
six days a week/ twice daily at 0800 and 1600 h. 
Faecal matter and feed leftover if any, were care-
fully siphoned off from the troughs every morning 
before feeding. A natural photoperiod was maintained 
throughout the experimental period. 
Weekly mass weight (g) of the fish was 
recorded and the ration level readjusted. No feed 
was given to the fish on the day the measurement 
was made, when the troughs were also scrubbed, 
cleaned and rinsed with KMno. solution for 
disinfection. Dissolved oxygen and water temperature, 
based on daily measurements, over the period of 
feeding trial ranged from 5.8-6.1 ppm and 20-25±l°C, 
respectively. The feeding trial lasted for six weeks. 
Measurement of growth parameters and conversion 
efficiency 
Growth parameters and conversion efficiency 
were assessed according to following standard 
definitions (Millikin, 1983' Tabachek, 1986; and 
Parazo, 1990): 
W -W 
Percent increase m live weight = i— x 100 
18 
log W -log W 
Specific growth rate (%), X 100 
D 
where 
W^ = Initial mass weight (g) 
W- = Final mass weight (g) 
D = Duration of feeding trial (days) 
,„„„, Total feed intake (g) 
Feed conversion ratio (FCR) ^ive weight gain (g) 
^^. . ^. /„„„, Live weight gain (g) 
protein efficiency ratio (PER) = Total protein intake(g) 
The data was statistically analysed. Test 
of one-way analysis of variance was made to examine 
significant variation or change of means over the 
initial (Sokal and Rohlf/ 1981) and comparison 
between treatment means was made using Duncan's 
(1955) multiple range test. The level of significance 
was tested at 95% confidence limit i.e. P>0.05. 
Results and Discussion 
The results of the 6-week growth trial 
conducted to examine the effects of phytic acid on 
the growth and conversion efficiencies of L. rohita 
fingerling have been summarized in Table 4. It would 
be evident from the data that dietary phytic acid, 
beyond a certain level of inclusion, significantly 
affects the growth of fish. 
Growth of fish, in terms of live weight 
gain, was linear with the experimental diets contai-
ning various levels of dietary phytate (Fig. 2 ). In 
the control fish group fed diet lacking in phytate, 
the gain was more than 100% over the period of feed 
trial. Growth remained insignificantly (P < 0.05) 
different in fish groups fed diets containing up 
to 1% phytic acid. The live weight gain percentage 
showed significant reduction (P>0.05) at levels 
above 1.0% phytate inclusion in the diets, registe-
ring the minimum (72.8%) at 2.5% phytic acid 
inclusion level in the diet. The growth response 
of fish to different levels of dietary phytate 
depicted in Fig. 3, also indicated no significant 
change in growth pattern with phytic acid concentra-
tions up to 1.0%. A break point was thus obtained 
at 1.0% dietary phytic acid inclusion. 
The best feed:gain ratio (2.3:1) was 
obtained in the control group. The feed:gain ratio 
showed insignificant (P<0.05) difference between fish 
groups fed diets containing phytic acid up to 1.5%. 
However, at levels beyond 1.5% phytate, a significant 
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depression (P>0.05) in feedrgain ratio was evident. 
The poorest value (3.3:1) was obtained in fish fed 
2.5% phytic acid in the diet (Fig. 4), 
The protein efficiency ratio (PER) showed 
\pafctern.of changes similar to that observed .for 
feedrgain ratio. PER remained almost unaffected in 
fish fed phytic acid up to 1.5% inclusion in the 
diet (Table 4, Fig.5)^ rhe highest PER (1.09) was obtained 
in the control group and the value remained 
insignificantly (P<:0.05) affected up to 1.5% 
inclusion of phytic acid in the diet. A significant 
(P>0.05) variation in PER, was, however, noticeable 
in fish fed levels above 1.5% phytic acid, the 
lowest PER (0.77) being obtained at 2.5% dietary 
phytate level. 
The daily average growth increment, measured 
as specific growth rate (SGR%), has been plotted 
in Fig. 6. it indicates the maximum SGR (0.73%) 
in fish group fed diets containing no dietary 
phytate. SGR however, showed significant variation (P>0.05) 
in fish fed phytic acid above this level (1.0%) of 
dietary phytate inclusion, the minimum (0.57%) being 
at 2-5% of dietary phytic acid. 
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The results indicate that presence of phytic 
acid/ a potent antinutritional factor, in the diet 
alters the growth and conversion efficiencies in 
L. rohita fingerling. 
A scanning of the literature shows that most 
of the earlier workers while investigating the 
influence of dietary phytic acid in fish stressed 
on the role of this substance with respect to 
bioavailability of minerals like calcium/ magnesium/ 
phosphorus/ zinc and iron. In Chinook salmon 
(Oncorhynchus tshawytscha) fed semipurified diet/ 
containing various levels of calcium, phosphorus/zinc 
and sodium phytate/ it was reported that a high 
dietary phytic acid concentration (2.58%) depressed 
fish growth, feed and protein conversions/ besides 
resulting in increased mortality rate/ cataract 
formation and anomalies in pyloric caecal structure 
(Richardson et al., 1985). In the present study also, 
a significant reduction in growth of fish, and feed 
and protein conversions was observed at levels close 
to the above concentration of dietary phytic acid. 
Spinelli et_ al.. (1983) studied the effects 
of phytate on the growth of rainbow trout (Salmo 
gairdneri) fed purified diets, containing varying 
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quantities of calcium and magnesium, and reported 
that the fish group fed 0.5% phytic acid, in 
combination with 0.92-1.30% calcium and 0.054-0.085% 
magnesium, suffered 10% reduction in growth and feed 
conversion. The reduced growth in fish fed diets 
containing dietary level of 0-5% phytic acid was 
attributed to a reduction in protein availability rath-
er than to an alteration in the bioavailability of zinc, iron 
or copper.. . ~' 
In contrast to the above findings, in channel catfish 
(Ictalurus punctatus) fed diet containing approxi-
mately 1.1% phytic acid, calculated from the free 
phytic acid content of soybean meal and rice bran, 
it was reported that reduced availability of zinc 
in practical diets was due to the phytic acid in 
the feed ingredients of plant origin (Gatlin and 
Wilson, 1984). 
Gatlin and Phillips (1989), while studying 
the interactions between dietary calcium, phytate 
and zinc in channel catfish, observed that high 
dietary phytate (1.5%) failed to depress fish growth 
significantly but reduced zinc content in the bone, 
and this effect was intensified in presence of high 
dietary calcium. In the present study on L. rohita, 
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however, high levels of dietary phytate (1.5%) 
affected fish growth significantly. 
In a 12-week feeding experiment conducted 
by Satoh et al. (1989) on channel catfish fingerling 
to determine the effect of supplemental phytate and/or 
tricalcium phosphate on weight gain, feed efficiency 
and zinc content in vertebrae? it was observed that 
fish fed diet containing 2.2% phytic acid suffered 
significant reduction in weight gain and feed 
efficiency. Weight gain was found to be 23.5% less, 
while feed:gain ratio was almost 12% less at the 
above level of phytic acid inclusion in the diet, 
compared to those fed at 1.1% phytate. These values 
seem comparable to the . results obtained in the 
present study, wherein, a 20% reduction in the live 
weight gain of r^. rohita was recorded at 2% dietary, 
phytate compared to fish fed 1% of the same factor. 
Results of the present study thus indicate 
that dietary phytic acid above 1-1.5% inclusion in 
the diet depresses weight gain in L. rohita 
fingerling. Feed:gain ratio and protein efficiency 
ratio also get significantly (P>0.05) affected beyond 
this range. It may thus be concluded that levels 
of dietary phytate above 1.5% of incorporation can 
adversely affect fish growth and should noc exceed 
this limit. 
> Summary 
Six semipurifled, isonitrogenous (40% C.P.) 
and isocaloric (356 kcal) diets containing varying 
levels of phytic acid, a potent adventitious toxin 
in plant origin feedstuffs, were fed to Labeo rohita 
fingerling in 70-1 polyvinyl flow-through (1-1.5 
1/min) circular troughs for six weeks. Over the period 
of feeding trial/ live weight gain (%) was found to 
be significantly affected in fish groups fed diets 
containing phytate above 1.0% level of inclusion. 
Feedrgain ratio, protein conversion ratio and specific 
growth rate (%) were insignificantly different in fish 
groups fed the control, lacking in phytic acid, and 
experimental diets up to 1.5% dietary phytate. 
Significant reduction in the growth parameters was, 
however, apparent in fish receiving beyond 1.5% phytic 
acid in the diet. It may be surmised that 1-1.5% phyt-
ate incorporation- from native source in the diet may 
be considered safe for fingerling L. rohita. 
45 
in 
o 
> . 
H CN 
H If) 
H H 
n 
(U 
•H 
0} 
o 
H rH 
in 
H 
o 
H 0 
u 
C 0) 
0 ^  
c 
•H 
c 
CNJ 
in 
00 
^ 
CO 
CO 
CO 
rg 
00 
CM 
CTi 
o 
00 
o 
o 
o 
o 
o 
o 
o 
00 
o 
OJ 
o 
o 
o 
o 
o 
o 
CM 
o 
o 
o 
00 
00 
00 
o 
o 
00 
o o 
00 
00 en 
• ^ 
^ 
o 
o 
o 
o 
CO 
CO 
o o 
CN 
o 
o a o 
o 
o 
o 
o 
o 
o 
c 
(0 
VJ 
XI 
4-y 
ra 
<u 
x; 
c 
•r-l 
<y 
tn 
n3 
c 
• H 
4 J 
fO 
r - l 
0) 
c 
• H 
S J 
4 J 
X 
cu 
• H 
o 
T i 
o 
o 
+ c 
u 
o 
X 
e 
c 
• H 
E 
fO 
- U 
• H 
X 
e 
r - i 
(0 
i j 
CU 
c 
• H 
C ) 
s 
CJ 
o 
o 
o 
o 
in 
00 
CN 
o 
o 
• ^ 
00 
o 
C^J 
in 
t--
in 
CO 
00 
ID 
00 
O 
in 
(T) 
en 
[^ 
r-l 
ID 
en 
'CT 
O 
o 
o 
i - i 
o 
o 
o 
CN 
o 
o 
o 
r-i 
o 
OJ 
00 
r-
o 
CN 
"^^ 
O 
-H 
in 
o 
i ^ 
CO 
CO 
00 
CO 
o 
r--
en 
en 
00 
CN 
CO 
-^ l* 
in 
O 
O 
O 
i H 
o 
o 
o 
cvj 
o 
o 
o 
I-I 
o 
r^  [^ 
o 
1-4 
O 
o 
o 
o 
o 
00 
00 
0 0 
en 
o 
o 
o 
o 
oo 
o 
o 
o 
o 
o 
1—1 
o 
o 
o 
CN 
o 
o 
o 
r H 
o 
Q) 
CO 
O 
•^ 
dP 
C 
•H 
OJ 
J-1 
0 
u 
a 
14-1 
o 
en 
0 
in 
CO 
c 
(0 
in 
in 
i H 
I ) 
I D 
ro 
0 0 
1 
<u 
e 
t j 
j p 
o 
^ 
II 
T ! 
0) 
X 
• H 
M-4 
C 
• H 
O 
4 J 
O 
i J 
CU 
TD 
• - I 
U 
(0 
u 
• H 
>-
^ 
a 
<*-i 
0 
r H 
OJ 
> 
rH 
J C 
03 
<U 
JJ 
(0 
O 
c 
• r l 
m 
•ft 
m 
0) 
x: 
-U 
OJ 
u 
fl 
a 
c 
• H 
CO 
<D 
>-i 
3 
en 
• H 
fa 
«. to 
3 
r H 
(T3 
> 
i H 
0) 
3 
U-l 
r-l 
(0 
u 
•r^ 
0 >, 
r-^ rH 
0 i j 
O -H 
> U 
CL 
<w to 
0 1) 
m 
•r^ ^ 
tfl "0 
fl-'^ 
13 a 
• H 
^1 ^-l 
(0 
c 
0 OJ 
4J 
T ! lO 
4J T5 
o >< 
1—' r* 
:: o 
U 13 
r - i-l 
a fT3 
U O 
* 
Table 2. Composition of mineral mixture 
Mineral mix 
USP XII no.2 99.50 
Alcl-.SH-O 0.015 
ZnSO . H^O 0.300 
Cucl 0.010 
MnS0^.H20 0.080 
KI 0.015 
COCI2.6H2O 0.100 
USP XII no.2 (g) 
Calcium biphosphate 13.58 
Calcium lactate 32.70 
Ferric citrate 02.97 
Magnesium Sulphate 13.20 
Potassium phosphate (dibasic) 23.98 
Sodium biphosphate 08.72 
Sodium chloride 04. 35 
99.50 
Halver (1989). 
Table 3. Composition of vitamin mixture* 
Vitamin g 
o(-cellulose 8.00 
Choline Chloride 0.500 
Inositol 0.200 
L -ascorbic acid 0.100 
Nicotinic acid 0.075 
Ca-pantothenate 0.050 
Riboflavin 0.020 
Thiamine Hcl 0.005 
Pyridoxine Hcl 0.005 
Menadione (K) 0.004 
Folic acid 0.0015 
Vit. B^2 0.0011 
Biotin 0.0005 
oC-tocopherol-acetate (E) 0.040 
Halver (1989). 
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Table 5. ANOVA of live weight gain, feed and protein 
conversion ratio, and specific growth rate 
of L. rohita fed experimental diets. 
Variables Source of Result 
variation 
* 
Percent gain in Feeds S 
live weight Error S 
Feed : gain ratio Feeds S 
ratio Error S 
protein efficiency Feeds S 
ratio Error S 
Specific growth rate Feeds S 
(%) Error S 
* 
S - Significant at P>0.05. 
Fig- 1- Myo-Inositol 1. 7. -^ A <^ a » 
1,2,3,4,5,6 Hexakis Dihydrogen 
Phosphate (At neutral pH). 
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Fig. 3. weekly live weight gain (%) of fingerling 
L. rohita fed varying levels of phytic acid. 
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Fig. 4. Feed : gain ratio of fingerling L. rohita 
fed varying levels of phytic acid. 
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Fig. 5. Protein efficiency ratio of fingerling L. 
rohita fed varying levels of phytic acid. 
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Fig. 6. specific growth rate (%) of fingerling L. 
rohita fed varying levels of phytic acid. 
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